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Outstanding Run 1 LHC
 performance!
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Topic-by-Topic

SM Higgs and its properties

H - yy: ATLAS-CONF-2013-012
H - WW: ATLAS-CONF-2013-030
H - Zy: ATLAS-CONF-2013-009
H - bb: ATLAS-CONF-2013-079
H - TT: ATLAS-CONF-2013-108

*- Mass and couplings (ZZ+WW+
Yv):
Phys. Lett. B 726 (2013), pp. 88-119
(Updated Mass): arXiv:1406.3827
*- Spin and parity (ZZ+WW+vyy):
Phys. Lett. B 726 (2013), pp. 120-144 H - puu: ATLAS-HIGG-2013-07
« H—- ZZ (on-shell cross-section H - invisible:
and pT): ATLAS-CONF-2014-044 Phys. Rev. Lett. 112, 201802 (2014)
* (off-shell cross-section) ttH(yy): ATLAS-CONF-2014-043
ATLAS-CONF-2014-042 VH(WW): ATLAS-CONF-2013-075

Additional Higgs Boson searches

Y- H/hWA->TT: Y - X - hh — 4b:
ATLAS-CONF-2014-049 ATLAS-CONF-2014-005
« H* -» T v: ATLAS-CONF-2013-090, « X - hh - yybb:
JHEP03(2013)076 ATLAS-HIGG-2013-29
e H* > cs:  Multi-higgs cascade:
Eur. Phys. J. C, 73 6 (2013) 2465 Phys. Rev. D 89, 032002 (2014)
« H-> WW (2HDM): « SM Higgs Couplings and New
ATLAS-CONF-2013-027 Phenomena:
Y- Heavy H - yy: ATLAS-CONF-2014-010
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-090/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-027
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-031/
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More ATLAS Higgs Detalls
at this Conference

« SM Higgs in Boson Decay Modes -
Elodie Tiouchichine - Monday, 14:30, E7

« SM Higgs Combination and Higgs Properties
Measurements in ATLAS -
Keisuke Yoshihara - Tuesday, 14:30, E7

* Higgs decays to fermions -
Nicolas Morange - Tuesday, 17:35, E7

« BSM Higgs Searches in ATLAS -
Martin zur Nedden - Friday, 14:50, E7
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« Mass

« Width

« Spin and other Quantum
Numbers

« Couplings (to vector bosons

Lepton and fermions, and to itself)
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arxiv:1406.3827 The Latest ATLAS Higgs Mass Results
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http://arxiv.org/abs/1406.3827
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OO e sl ATLAS Higgs Spin-Parity Results

ATLAS ATLAS
H— yy e Data H— vy ¢ Data
\s=8TeV [Ldt=20.71b" s=8TeV [Ldt=20.7 o
. v CL, expected v CL, expected
. * -
H— 27" >4l 1 assuming JP=0" H— 27" - 4l assuming J" =0"
\s=7TeV [Ldt=461b M+io Vs=7TeV [Ldt=461fb" W+io
\s=8TeV [Ldt=20.7 fo - s =8TeV [Ldt=20.7 fo' -
H - WW* — evuv/uvev H—> WW* — evuv/uvev
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—_ 1 F : : : E
oL

JP=0" JP=1" JP=1 JP=2" 0 25 50 75 100

The )P hypothesis 0* is highly favored; alternative fe (%)
hypotheses (0,1%,1, and 2* with minimal SM couplings) are
disfavored at the 97.8% CL or better.

Stephen J. Sekula - SMU 11


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-01/
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ATLAS-CONF-2014-009

ATLAS Higgs Couplings Results

Coupling interpretation framework: arXiv:1307.1347 [hep-ph]

Total uncertainty
+ 20

ATLAS Prelim. —Gg;ztgz,c_ Total uncertainty
_ — O\theory
my, = 125.5 GeV s(theory) + 1o onpu
H— vy loz ; : T
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H=1% 040 s m e
Combined o —
H—bb, tt 10.36 | 031 T
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Combined o il
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M= 100 a7 o i | R = I

\s=7TeV [Ldt=4.6-481b" -05 0 05 1 15 2
Signal strength (u)

Standard Model-like couplings are consistent with the data, though non-
SM couplings are still a possibility - Run 2 will greatly advance this effort.

\s=8TeV [Ldt=20.3fb"

ATLAS Preliminary

my = 125.5 GeV

p,,=13%

Model: x,, Ky, K, Kp, Kz

+0.24
kz=0.99 4%

+ 1o

+0.30
kw=0.68 47,

K, € [-0.80,-0.50]
L[0.61,0.80]

K, €[-0.7,0.7]

x, € [-1.15,-0.67]
U[0.67,1.14]

\s=7TeV |Ldt=4.6-4.8 fb"
\s=8TeV [Ldt = 20.3 fb"
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-009/
http://arxiv.org/abs/1307.1347

ATLAS-CONF-2014-042 Stephen J. Sekula - SMU 14



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-042/

By measuring the off-shell Higgs production
cross-section (signal strength), we can
indirectly measure the Higgs natural width.

Theoretical framework for this
measurement summarized in

several papers:

 N. Kauer and G. Passarino, JHEP
08 (2012) 116,
arXiv:1206.4803 [hep-ph].

« F. Caola and K. Melnikov,
Phys.Rev. D 88 (2013) 054024,
arXiv:1307.4935 [hep-ph].

« |. M. Campbell, R. K. Ellis, and
C. Williams.JHEP 04 (2014) 060,
arXiv:1311.3589 [hep-ph].

« |. M. Campbell, R. K. Ellis, and
C. Williams. Phys.Rev. D 89
(2014) 053011,
arXiv:1312.1628 [hep-ph].
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ATLAS Simulation Preliminary \s=8TeV
g8 > ZZ — 2e2u

Py —— ggo H* 5 77 (S) E
dh, e 99~ 22 (B) i
Y — - gg (H) 22 i

,r! C";_: -, - --- 99—~ (H'=) 27 (“off-shell=10) =
‘1!‘* ) -I ..-l . E
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| | ] | | | | |
200 400 600 800 1000

Significant destructive interference between gg - ZZ and m,[GeV]
gg - H* - ZZ must be taken into account to make this

measurement.
Stephen J. Sekula - SMU 15



Measuring off-shell Higgs production

On-shell signal
strength
measurement
sensitive to on-shell
coupling scale factors
and Higgs natural
width.

gg—H—Z2Z )

T on-shell _ __ g,on-shell " Von-shell

D_gg—}H—rzz — Hon-shell = rH /FSM
on-shell, SM H

Off-shell signal
strength
measurement
sensitive only to off-
shell coupling scale
factors.

gg—H"—>ZZ

a
off-shell _ _ 2
gg—H*—ZZ ~— Moff-shell = K;,nﬁ-shell ) K‘.iuff-shell

T off-shell, SM

Theory assumptions in the interpretation:
 Any new physics that modifies the off-shell couplings
doesn't modify the SM backgrounds
« To obtain an interpretation on the width, one combines
the on-shell and off-shell measurements assuming that

Ki,on-shell = K off-shell Stephen J. Sekula - SMU 16
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Source of systematic uncertainties 95% CL on Lofi-shell
QCD scale for gg — ZZ 9.5 N
QCD scale for the gg — (H* —)ZZ interference 9.2
QCD scale for gg — ZZ 8.8
PDF for pp — ZZ 8.7
EW for g — ZZ 8.7
Luminosity 8.8 -
electron efficiency 8.7
u efficiency 8.7
All systematic 10.2
No systematic 8.7 |<

The dominant systematics in the 4] measurement
are theory-driven; there are no high-ranking
systematics arising from the analysis methodology.
This holds true for the 212v channel as well.

Stephen J. Sekula - SMU 19
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Scalar Resonances Decaying to yy

Stephen J. Sekula - SMU 22
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-031/

X = hh - bbyy

Stephen J. Sekula - SMU 24



X - hh - bbyy
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http://arxiv.org/abs/1406.5053

A°/H°/N® - T+ T

(Released <24 hours ago)
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A/H/h - T71: Production

g
h/H/A
J— _»_ JE—
g
Significant MSSM neutral Higgs b-associated production can be
production mechanism at any tanf significant at large tanf

The T T decay mode can have a significant branching
fraction. It is reconstructed in three final states:
lep-lep, lep-had, and had-had.

Phys.Rept.457:1-216,2008 Stephen J. Sekula - SMU 27



ATLAS-CONF-2014-049

ATLAS Preliminary, 1s = 8 TeV, [L dt = 19.5 fo"

> [TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT1]
GJ ~ -
(oD 250/ VH/AST,(Thag —e— Data 2012 |
rs) | single-t, , trigger —— m,=350, tanB=30
@ | categor 2o -
g peaedoy M Multijet j
© 200 [ Wty + jets —
@[ T & Single Top 7
L I Others ]
B AW Bkg. uncertainty A
150 —
- had-had |
100 _
50— |
0 _I 111 | 1 \’TH"*'”' + '7774"‘\—1 - 'W l Ll | Ll 1 | Ll l_
0 100 200 300 400 500 600 700 800 9001000

me [GeV]

ATLAS Preliminary, \s = 8 TeV, fL dt=20.3 b
% 300 TTTT I LU ‘ TTTT I TTTT | TTTT I TTTT | TTTT I TTTT | TTTT | TTT1T1]
O L WHAST T o —e— Data 2012 -
3 [ high mass category =~ —— m,=350, tanp=30 ]
~ 250 BB Z->1t —
2 I S Z-see/uyt .
Qo r S i & Single Top
T 9ol 7777 W+jets & Diboson
00 Multijet .
L A AN Bkg. uncertainty
150 S —
C o EaEw lep-had ]
C SRR .
C s N
L P _
50j 7 \ =
0_|||\|||{|||1||| "

miMC [GeV]

0 100 200 300 400 500 6

Events /10 GeV

A/H/h-T1Tt: high-mass results
ATLAS Preliminary, \s = 8 TeV, [Ldt = 19.5 b i Nn d ata

104_I\II|II\I|IIII|\III|I\IIIIIIIlI\IIlIIII_
hH/A—T, (T g —e— Data 2012

" ThagThaq Irigger category — m,=350, tani-30

| Multijet
s T Woty + jets
L] X tt & Single Top

o] B Others
®  \\\\\ Bkg. uncertainty

T TTTTT
L 111111

10°

T IIIIIHl

| IIIII\I|

102

10

I A Lj,l

0 50 100 150 200 250 300 350 400
micta [GeV]

Separate optimizations are done in
the lep-had decay channel for the
high-mass and low-mass parts of

this search. This helps provide the
best sensitivity at high mass. The
had-had channel is ONLY used at
high mass.
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ATLAS Preliminary, s = 8 TeV, [L dt = 20.3 fo"
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b-tagged category achieve limits

down to ~10fb at high mass.
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A/H/h-TT: b-vetoed category
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Conclusions
« ATLAS finalizing Run 1 SM Higgs Results

m"""=125.36+0.37 (stat.) = 0.18 (syst.) GeV
on-sher = 1:30.017
W n<5.9-9.0 (T,/T5"<4.1-6.0) 32003

Couplings and spin-parity so-far compatible with SM
« ATLAS finalizing Run 1 BSM Higgs Searches

« Recent results in A/IH/h -t T, X=> VY, and X -
hh —» bbyy achieved excellent sensitivity but
observed no significant non-SM effects.

 Run 2 shall be very exciting!
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